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(57) ABSTRACT

The magnetoinductive flowmeter measures the flow volume
of a medium traveling through a measuring tube, with a
magnet that serves to generate a magnetic field permeating
the measuring tube that has a magnetic-field component that
extends perpendicular to the direction of tlow. The flowme-
ter also includes a first measuring electrode and a second
measuring electrode for collecting a voltage induced in the
medium, a reference electrode, as well as a preamplifier to
which the potentials collected by the two measuring elec-
trodes are fed. A control circuit element 1s provided for
controlling the common-mode nput voltage of the pream-
plifier and/or the potential span of the dynamic range of the
preamplifier 1n such fashion that the said common-mode
input voltage of the preamplifier corresponds to approxi-
mately half the maximum output voltage of the preamplifier.
This concept also permits the use of preamplifiers that
operate with a low supply voltage such as 0/5 V. A measur-
ing method 1s also disclosed.

10 Claims, 2 Drawing Sheets
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MAGNETOINDUCTIVE FLOWMETER AND
MEASURING METHOD FOR A
MAGNETOINDUCTIVE FLOWMETER

This mvention relates to a magnetoinductive tlowmeter
for measuring the flow volume of a medium traveling
through a measuring tube, with a magnet that serves to
generate a magnetic field permeating the measuring tube
including a magnetic-field component that extends perpen-
dicular to the direction of flow, with a first measuring
clectrode and a second measuring electrode for collecting a
voltage induced in the medium, a reference electrode, as
well as a preamplifier to which the potentials collected by
the two measuring electrodes are fed. The invention further
relates to a measuring method for a magnetoinductive tlow-
meter designed to measure the flow of a medium traveling
through a measuring tube, said magnetoinductive tflowmeter
incorporating a magnet that serves to generate a magnetic
field permeating the measuring tube including a magnetic-
field component that extends perpendicular to the direction
of flow, with a first measuring electrode and a second
measuring e¢lectrode for collecting a voltage potential
induced 1n the medium, a reference electrode, as well as a
preamplifier to which the potentials collected by the two
measuring electrodes are fed.

The terms ““voltage™ and “potential” used above and in the
following description refer to “voltage” as a condition 1n
which a substantive potential diflerence exists between two
points. “Potential” refers to the electric potential of a specific
point 1n a predefined potential system, for instance, relative
to chassis ground or earth.

BACKGROUND OF THE INVENTION

Magnetoinductive flowmeters and measuring methods for
magnetoinductive flowmeters of the type referred to above
have been well known for some time and are employed 1n a
wide variety of applications. The underlying principle of a
magnetoinductive flowmeter for measuring the flow rate of
a medium traveling through a measuring tube goes all the
way back to Faraday who as early as 1832 proposed apply-
ing the principle of electrodynamic induction in the mea-
surement of tflow rates.

Faraday’s law of induction postulates that when a flowing,
medium that contains charge carriers travels through a
magnetic field, an electric field intensity 1s generated 1n the
medium perpendicular to the direction of flow and to the
magnetic field. Magnetoinductive tlowmeters utilize Fara-
day’s law of induction 1n that a magnet, usually consisting
of two magnetic poles, each with a field coil, generates a
magnetic field that contains a magnetic field component
perpendicular to the direction of flow in the measuring tube.
Within that magnetic field, each volume element of the
medium traveling through the magnetic field and containing,
a particular number of charge carriers contributes the field
intensity generated in i1t to the voltage collected by the
measuring electrodes.

In the traditional magnetoinductive flowmeters, the mea-
suring electrodes are so designed as to connect to the flowing
medium either through conductive or capacitive coupling.
Another particular feature of magnetoinductive tlowmeters
1s the proportionality between the measured voltage and the
flow rate of the medium as averaged across the diameter of
the measuring tube, 1.€. between the measured voltage and
the volumetric tlow.

In an actual flow-measuring operation, the magnetic field
in a magnetoinductive tlowmeter 1s usually reversed in
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2

periodically alternating fashion. Prior art has developed a
variety ol approaches to that effect. For example, magneto-
inductive flow measurements can be achieved using an
alternating field in which case the field coils of the magnet
are typically connected directly to a sinusoidal 50 Hz
alternating line-voltage source. However, the voltage gen-
crated by the flow between the measuring electrodes 1is
susceptible to distortion by transformational interference
voltages as well as line noise potentials.

In more recent times, magnetoinductive tlowmeters have
generally been designed to work with a switched continuous
field. A switched continuous field of that type 1s produced by
teeding the field coils of the magnet a current essentially
with a time-based square-wave pattern whereby its polarity
1s periodically alternated. But equally possible 1s the use of
a pulsating continuous field that 1s maintained by periodi-
cally feeding to the field coils of the magnet a time-based
square-wave current ol always the same polarity. However,
in a preferred method the field current 1s periodically polar-
ity-reversed, thus producing a periodically alternating mag-
netic field, because changing the polarity of the magnetic
field suppresses interference signals such as electrochemaical
noise. The voltage between the measuring electrodes, being
proportional to the flow rate, 1s usually quite low, typically
in the microvolt range. Measuring that voltage requires high
resolution (approx. 100 nV); 1n the traditional magnetoin-
ductive flowmeters that employ the switched constant-field
principle, the measuring frequency 1s 1n the 1 to 100 Hz
range.

In these earlier magnetoinductive tlowmeter designs, the
voltage collected at the measuring electrodes 1s usually fed
to a preamplifier before the preamplified voltage signal,
being proportional to the flow rate, can be processed further.
Widely used preamplifiers are of the differential-amplifier
variety which are typically operated with a supply voltage of
+15 V. The dynamic range, meaning the highest possible
output voltage of the preamplifier, 1s thus 15V, 1.e. +15 V for
positive signals and —15 V for negative signals. When a
preamplifier 1s operated with a supply voltage of £15 V, the
reference electrode of the magnetoinductive tlowmeter 1s
generally held at a potential of O volts, 1.e. earth potential.

Desirably, however, 1t should also be possible to operate
preamplifiers for magnetoinductive flowmeters at a lower
supply voltage, for mstance 5 V (0 V, +5 V). Such an
amplifier would, 1n essence, provide a dynamic range of 0 V
to 5 V. Appropriate analog components permitting a supply
voltage-range from 0 V to 5 V have by now become
available, highly precise sigma/delta converters are capable
of working with these low mput voltages and, most of all,
power dissipation 1s minimized.

SUMMARY OF THE INVENTION

It 1s the objective of this mvention to introduce a mag-
netomnductive flowmeter and a corresponding measuring
method for a magnetoinductive flowmeter by means of
which 1t 1s possible to eflectively operate the latter with a
preamplifier that works with such low supply voltages.

For a magnetoinductive flowmeter as described above,
this objective 1s achieved by providing a control circuit
clement that controls the common-mode input voltage of the
preamplifier and/or the potential span of the dynamic range
of the preamplifier 1n such fashion that the said common-
mode mput voltage of the preamplifier corresponds to
approximately half the maximum output voltage of the
preamplifier.
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When, according to this invention, the common-mode
input voltage of the preamplifier 1s approximately half the
output voltage of the preamplifier, it 1s to minmimize the
difference between the common-mode 1nput voltage and half
the maximum output voltage as much as possible although,
to be sure, a complete and especially an instantaneous
adjustment will not generally be attainable. As a particular
teature, controlling the potential span in the dynamic range
of the preamplifier means that the dynamic range, for
istance 0 V to 5 V, remains constant at an eflective supply
voltage of 5 V while undergoing a potential shift covering
for mstance the range from 1 V to 6 V. At the same time, or
as an alternative, 1t 1s possible to adjust the common-mode
input voltage of the preamplifier so as to again be approxi-
mately half the maximum output voltage of the preamplifier.

The control circuit can be designed 1n diflerent ways. In
one preferred implementation of this invention, however, the
control circuit element 1s connected to the reference elec-
trode and serves to control the potential of the reference
clectrode. Additionally, in an enhanced embodiment of the
invention, the control circuit element may be connected to
the first measuring electrode and to the second measuring,
clectrode so as to control the potential of the reference
clectrode as a function of the potentials on the measuring
clectrodes.

In another preferred embodiment of this invention, the
control circuit element encompasses mverter-type difleren-
tial-amplifier circuitry with a differential amplifier whose
inverting mput 1s connected to the first measuring electrode
via a first resistor and to the second measuring electrode via
a second resistor. In that particular context the non-inverting
input of the differential amplifier may be restricted to about
half the maximum output voltage of the preamplifier.
Accordingly, this would mean that in the case of a pream-
plifier operating with a supply voltage of O V and 35V, the

non-inverting mmput of the differential amplifier would be
held at about 2.5 V.

Specifically, in a control circuit element as described
above, the connection to the reference electrode 1s preferably
established via the output of the control circuit. In a further
preferred enhancement of the design according to this inven-
tion, the inverting input of the differential amplifier connects
to the output of the differential amplifier by way of a reverse
teedback resistor, possibly with a capacitor connected 1n
parallel. The capacitor serves as a bandwidth delimiter and
thus as a control stabilizer.

For a magnetoinductive flowmeter measuring method as
described above, the defined objective 1s achieved by con-
trolling the common-mode 1input voltage of the preamplifier
and/or the potential span of the dynamic range of the
preamplifier in such fashion that the said common-mode
input voltage of the preamplifier corresponds to approxi-
mately half the maximum output voltage of the preamplifier.

Preferred enhancements of the measuring method accord-
ing to this mvention for magnetoinductive flowmeters cor-
respond 1n analogous fashion to the above-described pre-
ferred  hardware  design  enhancements of  the
magnetoinductive flowmeter according to this imnvention.

There are numerous ways in which the magnetoinductive
flowmeter and the measuring method for a magnetoinduc-
tive tlowmeter can be configured and expanded. In this
context, attention 1s ivited to the claims dependent upon the
independent main patent claims and to the detailed descrip-
tion given below of a preferred embodiment of the invention
with reference to the attached drawings.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 1s a schematic 1llustration of a magnetoinductive
flowmeter according to a preferred embodiment of the
invention, showing the control process employed, and

FIG. 2 1s a schematic diagram of the magnetoinductive
flowmeter according to the preferred embodiment of the
invention, including the control circuit element.

DETAILED DESCRIPTION OF AN
LLUSTRATIVE EMBODIMENT

The schematic diagram in FIG. 1 shows a preferred
embodiment of a magnetoinductive tlowmeter that serves to
measure the volumetric flow rate of a medium traveling
through a measuring tube 4. A magnet, not 1illustrated,
generates a magnetic field that permeates the measuring tube
4 perpendicular to the direction of fluid flow. As an electri-
cally conductive medium flows through the measuring tube
4, a voltage 1s generated. That voltage can be collected by
means of a first measuring electrode 2 and a second mea-
suring electrode 3 both of which are 1n conductive contact
with the flowing medium. The lower section of the measur-
ing electrode 4 1s provided with a reference electrode 1 that
1s 1tself 1n conductive contact with the medium. The voltage
signal collected at the measuring electrodes 2, 3 1s fed to a
preamplifier 5 that 1s designed as a differential amplifier and
1s operated with a supply voltage of 0 V/5 V.

In contrast to the mode 1n which conventional magneto-
inductive flowmeters are operated, the reference electrode 1
1s not maintained at a fixed potential. Instead, as specified 1n
the preferred embodiment of the invention here described,
the potential of the reference electrode 1 1s adaptively
controlled as follows:

The common-mode mput voltage of the preamplifier 1s
determined by the mean value of the potentials U, and U,
that are fed to the mverting and, respectively, non-inverting
inputs ol the preamplifier. These potentials U, and U, are
each composed of the sum of the voltages U,,, U,, of a
measuring electrode 2, 3 relative to the reference electrode
1 and of the voltage U, of the reference electrode relative to
ground. Hence:

UZI + Ul = Ug
U31 + Ul = U3
U21+U31 U2+U3
U, =
2 2

In the preferred embodiment of the invention here
described and schematically illustrated in FIG. 1, the poten-
tial U, of the reference electrode 1 1s controlled as a function
of the potentials U,, and U,, collected by the measuring
electrodes 2, 3, which control feature also includes an
amplification by a factor V, and can be expressed by the
following equations:

Uz-l-Ug
—( . —Q.SV)-VR+2.SV:U1
i + U/
—( ”2 31+Ul—2.5v)vﬁ+2.5vzul
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-continued
Usy + Usy
— 5 Ve + 2.5 V(VR+1)=U1+U1VH
/oy + U/ V
25V 22 _ %Xy
2 Ve +1

The examples in the following table illustrate the effect of
this control on the potential U, of the reference electrode 1
and thus on the common-mode 1mput voltage (U,+U,)/2:

U21 +U31 U2 +U3
2 Vi U, 2
0OV any 25V 25V
2V 2 1.17 V 3.17V
2V 100 052V 252V
2V 0 25V 45V

-2V 2 3.3V 1.3 V
-2V 100 448 V 248V
-2V 0 25V 05V

As 1ndicated further above, the control feature in the
preferred embodiment of the invention here described pro-
vides for an amplification by a factor of V,. Without any
such amplification, meamng a case where V=0, the situa-
tion would be as in the prior art, to wit: for the voltages
between the measuring electrodes 2, 3 and the reference
electrode 1,1.e. U,, and U,, combined, (U, ,+U,,)/2=2V, an
amplification factor of 0 (V,=0) would result in a potential
U, of 2.5 V for the reference electrode 1, putting the
common-mode mput voltage of the preamplifier at 4.5V and
thus almost completely exhausting the dynamic range of the
preamplifier. This applies 1n analogous fashion to (U, +
U;,)/2==2, resulting 1n a common-mode input voltage of 0.5
V for the preamplifier 5, which again corresponds to a
near-complete exhaustion of the dynamic range of the
preamplifier 3.

In contrast to that, an amplification factor of V=100
yields a substantial improvement, to wit: for (U,,+U;,)/
2=x2 V, the resulting common-mode mput voltage of the
preamplifier 5 will be 2.5£0.02 V, leaving the preamplifier
essentially with power to spare. One of the reasons for this
1s that, given an amplification factor of 100, the control
teature produces for the reference electrode 1 a potential U,
which, at 0.52 V and 4.48 V, respectively, deviates signifi-
cantly from the fixed 2.5 V prior-art value.

Indeed, as shown 1n the above table, a major improvement
of the situation 1s already obtainable with considerably
lower amplification factors, insofar as an amplification fac-
tor of V,=2 already permits a better utilization of the
dynamic range of the preamplifier S for differential signals.

FIG. 2 1s a schematic diagram illustrating a specific
implementation of the control circuit by means of which the
above-described control function in the preferred embodi-
ment of the ivention can be performed. It shows that the
control circuit element connects to the reference electrode 1,
the first measuring electrode 2 and the second measuring
clectrode 3 for controlling the potential of the reference
clectrode 1 as a function of the potentials on the measuring
electrodes 2, 3. To that eflect, the control circuit element
includes mverting differential amplification circuitry 6 with
a differential amplifier 7 whose inverting imput 1s connected
to the first measuring electrode 2 via a first resistor 8 and
with the second measuring electrode 3 via a second resistor
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6

9. The non-inverting mnput of the differential amplifier 7 1s
held at about half the maximum output voltage of the
preamplifier 5, 1.¢. 1n this case at about 2.5 V, given that the
preamplifier S 1s supplied with a voltage of 0 V/5 V. The
output of the differential amplifier 7 1s finally fed to the
reference electrode 1.

The mverting input of the differential amplifier 7 connects
to 1ts output by way of a reverse feedback resistor 10. When
the first resistor 8, the second resistor 9 and the reverse
teedback resistor 10 are quantitatively identical, the result-
ing amplification factor will be V=2, which already pro-
vides for a better utilization of the dynamic range of the
preamplifier 5, as shown in the above table. In addition, a
capacitor 11 1s connected 1n parallel with the reverse feed-
back resistor 10 to delimit the bandwidth and thus to
improve the stability of the control feature.

What 1s claimed 1s:

1. A magnetoinductive flowmeter for measuring the flow
volume of a medium travelings through a measuring tube,
with a magnet that serves to generate a magnetic field
permeating the measuring tube and including a magnetic-
field component that extends perpendicular to the direction
of flow, with a first measuring electrode and a second
measuring electrode for collecting voltage induced in the
medium, a reference electrode that 1s itself in conductive
contact with the medium, as well as a preamplifier to which
the potentials collected by the two measuring electrodes are
ted, wherein a control circuit element 1s provided for con-
trolling the common-mode 1nput voltage of the preamplifier
and/or the potential span of the dynamic range of the
preamplifier 1n such fashion that said common-mode input
voltage of the preamplifier corresponds to approximately
half the maximum output voltage of the preamplifier, and
wherein the control circuit element 1s connected to the
reference electrode for the purpose of controlling the poten-
tial of the reference electrode.

2. The magnetoinductive flowmeter as 1n claim 1, wherein
the control circuit 1s connected to the first measuring elec-
trode and to the second measuring electrode for the purpose
of controlling the potential of the reference electrode as a
function of the potentials of the measuring electrodes.

3. The magnetoinductive flowmeter as 1n claim 2, wherein
the control circuit element includes inverting differential
amplifier circuitry with a differential amplifier whose mvert-
ing input connects to the first measuring electrode via a first
resistor and to the second measuring electrode via a second
resistor.

4. The magnetoinductive flowmeter as 1n claim 3, wherein
the non-inverting input of the differential amplifier 1s limited
to approximately half the maximum output voltage of the
preamplifier.

5. The magnetoinductive tlowmeter as 1n claim 3, wherein
the output of the differential amplifier 1s fed to the reference
clectrodes.

6. The magnetoinductive flowmeter as 1n claim 3, wherein
a reverse feedback resistor connects the mput of the difler-
ential amplifier to the output of the differential amplifier and
a capacitor 1s connected 1n parallel with the reverse feedback
resistor.

7. The magnetoinductive flowmeter as 1n claim 1, wherein
the preamplifier 1s a differential amplifier.

8. A measuring method for a magnetoinductive tflowmeter
designed to measure the tlow volume of a medium traveling
through a measuring tube, said magnetoinductive flowmeter
incorporating a magnet that serves to generate a magnetic
field permeating the measuring tube and including a mag-
netic-field component that extends perpendicular to the
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direction of flow, with a first measuring electrode and a
second measuring electrode for collecting a voltage potential
induced 1n the medium, a reterence electrode that 1s 1tself in
conductive contact with the medium, as well as a preampli-
fier to which the potentials collected by the two measuring
clectrodes are fed, wherein the common-mode input voltage
of the amplifier and/or the potential span of the dynamic
range of the preamplifier are controlled 1n such fashion that
the common-mode mnput voltage of the preamplifier corre-
sponds to approximately half the maximum output voltage
of the preamplifier and wherein the potential of the reference
clectrode 1s controlled as a function of the potentials of the
measuring electrodes.

9. The measuring method as in claim 8, wherein the
potential of the reference electrode 1s controlled as a func-

10

8

tion of the potentials of the measuring electrodes by means
of differential amplifier circuitry with a differential amplifier
whose mverting input connects to the first measuring elec-
trode via a first resistor and to the second measuring elec-
trode via a second resistor, whose non-inverting input 1s held
at approximately half the maximum output voltage of the
preamplifier, whose inverting input is connected to 1ts output
by way of a reverse feedback resistor, and whose output 1s
fed the reference electrode.

10. The measuring method as 1n claim 9, wherein the
bandwidth 1s delimited by means of a capacitor that 1s
connected 1n parallel with the reverse feedback resistor.
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